Abstract|We present an e cient and precise numerical method in computational complexity and reliability to compute the number of zeros of a real polynomial in the unit disk.
INTRODUCTION
In this paper, a method is proposed to determine the precise number of zeros in the unit disk (counted with their multiplicities) of a real polynomial de ned in R x] using the argument's principle in terms of Cauchy indices 1{3] and a Sturm sequence of polynomials in Chebychev form. This algorithm evaluates an estimate of the location of moduli of the zeros of a polynomial with control on rounding-o errors. These results are used in studies on stability or convergence of mathematical models or numerical schemes 4].
STURM SEQUENCE
Let p(x) = P n i=0 a i x i be a polynomial of degree n(deg(p) = n), T k , and U k be Chebyshev polynomials of the rst and second kind, respectively. We consider the sequence (p k ) of polynomials de ned by following recurrence relation: To control these errors and their propagation, which a ect these constants, we propose the use of the Vignes permutation-perturbation method 6].
It provides an analysis of the propagation of data and computing errors for any algorithm. We consider an algebraic procedure de ned by y = '(u; +; ?; ; ; !) in which u R is the set of data, y 2 R is the result, and +; ?; ; ; ! are exact mathematical operators and functions. This expression is implemented in the high-level programming language with Y = (U; +; ?; ; =; ) in which U F is the set of data, Y 2 R is the result, and +; ?; ; =; are data processing operators and functions. F is the set of oating point values encoded in the computer.
In oating point arithmetic, the associativity of algebraic addition is not veri ed, so the various data processing images of the expression ' are a nite set f i ; i 2 Ig obtained by combinations corresponding to all possible arrangements of the permutable operations in the algebraic procedure. For each data processing image i run, the result of a arithmetic operation or assignment is chopped or rounded o , so we must take into account two possible results by default or by A nite process can be interrupted when some values are smaller than a priori positive epsilon. Such a stopping control in this way is not satisfactory, as it depends on the arbitrary value of epsilon. An adequate test is to compare the data processing Sturm's or Schelin's constants with zero (by translation of s for Sturm's constants). Computation of p k .
Test of k and k . Regular criterion.
Evaluation of N D (p).
EXAMPLE
The experiments were run on the Sun Sparc workstation with Fortran compiler to nd the number N D (p) of zeros of p in the unit disk. We consider the polynomial The number of decimal signi ant gures for these means are, respectively, c( 2 ) = 10 and c( 2 ) = 12. So the tests are negative, and we have N D (p) = 1.
CONCLUSION
We can control e ciently by the permutation-perturbation method, the numerical stability, and tests to zero of the counting algorithm. For polynomials of degree n > 4, the number of the comparisons and runs is important; so the time required to determine the number of zeros is larger than a simple implementation, but suitable for a standard double-precision arithmetic. We can compute more exactly to check the accuracy of Sturm's or Schelin's constants, using multiple-precision oating point arithmetic.
